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.z‘f Design

Architecture
*Design with respect to Hort Woods
*Create spaces for childhood growth and learning
*Efficient layout due to site restrictions
Landscape

*Strong campus connections
*Natural play environment and equipment
*Green roof and rainwater harvesting

Lighting/Electrical
*Daylight delivered wherever possible
Electric light integral to architecture and HVAC
*Simple power distribution with restricted access

Structural
*Recycled steel with metal deck and lightweight concrete
*Braced frames
*Pinned connections

Mechanical
*Chilled beam, radiant floor heating, and DOAS system
eCentrally located mechanical room
*25% Energy savings from typical design

Construction

«Site constraints impacted schedule and logistics
*Added costs associated with sustainable approach
*Clash detect building systems and develop 4D model



Design Coordination Green Constructability BIM/IPD Reflections
Performance

INFANTS ACTIVITY SPACE- 7,500sqft PRESCHOOL ACTIVITY SPACE — 6,000sqft
GROSS MOTOR SPACE- 400sqft LIBRARY — 310sqft

KITCHEN- 495sqft KITCHEN — 500sqft

FOOD PREPARATION - 36sqft/module FOOD PREPARATION — 40sqft/module
BATHROOM - 40sqft/module BATHROOM - 40sqft/module

DIAPER CHANGING AREA — 40sqgft/module STORAGE — 40sqft/module
CIRCULATION — 2340sqft GENERAL STORAGE — 350sqft

LAUNDRY — 120sqft

CIRCULATION — 2083sqft

> UNCOVERED OUTDOOR SPACE-42,554 sqft
COVERED OUTDOOR SPACE- 2,420 sqft

GREEN ROOF - 2,180sqft

Total Built up Area
22,040 SF
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‘* Design

Structural and Architectural Coordination
Slight modification to classroom module
Consistent bay spans

Interior lateral bracing
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Distribution Layout

Mechanical Room Layout

Supply

Return

Chilled Water Pumps




Design

Special Considerations
Restricted access to both rooms
Fire alarm system

Security CCTV system

Telecom equipment

Panelboard costs

Electrical/Telecom Room Layout

Backup Transformer

Mechanical

2F LTG/ELEC,
2 LTO/ELER Emergency Panel
1F LTG/ELEC,

1F LTG/ELEC Fire Alarm Control

From Univ. Backup

MDP

From Univ. Power

Main Transformer Security Panel

Telecom Panel

'Main Telecom Panel Some Items omitted to
reduce clutter



Design

“  HORT WOODS

DAYLIGHT ROOF MONITOR
WITH SKYLIGHT

RECYCLED STEEL
COLUMNS

“ NOISE BUFFER
“  RAIN GARDEN

WHITE EPDM ROOF SEASONAL PLANTS

INTERIOR DRY WALL FINISH

RECYCLED COPPER STRIP
EXTERIOR WOODEN FLOOR
LOW- E  HIGH LSG GLAZING
HOM LOAD BEARING BRICK
ON METAL STUD

RECYCLED CARPETS FLOOR




Design

Curvilinear fencing system
provides protection
aesthetically pleasing

B 1]




* Design

Special Considerations
Entrance to campus
Showcase stone wall
Match campus area lighting
st Integral fence lighting
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LARCH Experience Lighting Experience

Low plantings on the south side do not interfere Daylight delivery from above on the second floor

with daylighting
Ample view to the outside on all floors
Tall plantings reserved for the north side where
there will be no interference with

daylighting

Ambient reflectance to the first floor
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LARCH Experience

Lighting Experience

Summer Solstice — hottest summer sun does not

Low plantings on the south side do not interfere
penetrate the spaces under exterior light shelf

with daylighting

@ Winter Solstice — low winter angle glare is avoided

Tall plantings reserved for the north side where
due to interior shelf

there will be no interference with
daylighting




Performance

* Context Design Coordination creen Constructability BIM/IPD Reflections

Navisworks Experience

Identified constructability issues before they occur
Helped identify ceiling cavity requirements

Issues with Revit exports, origins

Simplified duct model used
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Revit Experience
Structural System vs. Mechanical System

Chilled beam supply clash with bottom
chord of joist

Adjusted in Revit MEP to go through
opening in joist

Coordination
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PROBLEM: Ceiling space inadequate for HVAC ducts
Custom Wall ‘s height unable to be changed easily
Topography in place and time consuming to change

SOLUTION: Change duct aspect ratio per ASHRAE
Fundamentals

Shallow structural members above largest duct runs

Coordination

No room for branch ducts

. Atypical return duct size allows

room for branch ducts
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PROBLEM: Chilled Beam in 2" story classroom

Chilled Beam needs air, chilled water supplied
and returned

Roof monitor integrity and integration into
structural module

SOLUTION: False beam system allows use of
chilled beams and creates unique view towards
source of daylighting

Coordination
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Cons: Coordination with floor systems
Cost and schedule impact
Extra material and specialty
installation

Pros: Reduced energy usage
Heat delivered to occupant level
Thermally comfortable

Coordination

Radiant Heating Tubes

Concrete




Green
Performance
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Energy Modeling Process

® Chilled Beam, Radiant Heating, DOAS ™ VAV System

Revit Architecture: Room geometries

e

25% Reduction in operating costs

520000 + s182m o ] $5’951 in yearly SaVingS

‘ Potentially more but TRACE didn’t model
s ] s ' ! heating system as radiant floor heating

Trane TRACE: Fix export errors, System assignments

R Uponor estimates up to 40% energy savings
. hilled Beam, Radisnt Heating, DOAS
Purcharad (hilled J
Address discrepancies, compare alternatives= Final Model

Total Enesgy
Water
Contiyear Coan/sF

20% Reduction in C02,502, and NOx emissions
Operating Cost Comparison
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Green Roof
Located on southern wing for maximum natural light
Structural concern with complete green roof
Cost issues with complete green roof

Access to building occupants

Green
Performance




Green
Performance

LEED 2009 Project Checklist Highlights
Green Roof

Rainwater Harvesting
Reduce heat island effect with cool roof

Recycled Materials

Daylighting strategies
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Constructability




PSU CHILD CARE CENTER

ACTIVITY

LUULL DAILS

LATE START

Constructability

LATE FINISH




Constructability

4 Estlmatmg Software:




IBIAL S1EEL

Constructability




4 BIM/IPD

Design Authoring Site Utilization Planning
Site Analysis Design Review and Constructability 4D Modeling
BI M Goa |S - Desigr} '_‘EViEW . Structural, Lighting, Energy, Mechanical Analysis Prograrrjmirjg
Existing Conditions Modeling LEED Evaluation 3D Coordination
Record Modeling 3D Coordination Cost Estimation
File Updating 4D Modeling File Updating

VS. Conceptual Design Design Development Final Design
Building Mass Modeling Structural, Lighting, Mechanical Design ) F-n_el_'gv f\nalysis )
Site Analysis 3D Coordination Site Utilization !’Iannlng
BI M Uses File Updating 4D Modeling

3D Coordination
Cost Estimation
File Updating



Site Analysis

Schematic

4

Design

Design
Review

Planned Work Flow

Perform Cost Estimation,
Perform 3D Coordination,

Program Model,

Concept Development,

Site Inventory,
Case Studies,
Geotechnical Report

> Energy Analysis,
Spatial Visualization,
Preliminary Engineering Design

BIM/IPD

Design
Review

Perform Cost Estimation,
Final Site Design,
Perform 3D Coordination,

Structural Model,

Architectural Model,
MEP Model

kd LEED Certification Analysis,
Create 4D Model,
Final Engineering Design

Design Criteria
Equip. Characteristics

Daylight Analysis
IBC/NEC Req.

Design
Review




Site Analysis

Schematic

4

Actual Work Flow

Design

Design
RV

Architectural Redesign,

Systems Feasibility

Program Model,
Concept Development,
Site Inventory,
Case Studies,
Geotechnical Report

N A

Architectural Model,
Site Design,
Systems Design,
Constructability

Design
Review

BIM/IPD

\ 4

Architectural Redesign,

Initial Model Coordination —

Resolve Integration Issues

AN A

Design Criteria
Equip. Characteristics

Daylight Analysis
IBC/NEC Req.

Perform Cost Estimation,
Final Site Design,
Perform 3D Coordination,
LEED Certification Analysis,
Create 4D Model,

Final Engineering Design,
Energy Model

Design
Review
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Discipline
Architectural

Landscape Architectural
Structural

Mechanical

Lighting/Electrical

Construction Management

Software
Revit Architecture, Ecotect
Revit Architecture, AutoCAD
Revit Structure, SAP 2000
Revit MEP, Trane TRACE
Revit Architecture

Navisworks, Revit Architecture

BIM/IPD ’K}l\

Space layout, appearance

Building’s response to site

3D coordination, analysis, layout

3D coordination, layout, energy modeling
Layout, rendering

Estimates, Scheduling, 4D Modeling, Clash Detection
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...BIM

Linked files favored over worksets
Coordinate files often

BIM Ex Plan more applicable in real world than
classroom simulation

Revit MEP
Duct & fitting clashes
Slow to make connections
Difficult to adjust height of system as whole
Revit Structure
Poor connections
Limited analysis options
Revit Architecture
Site modeling issues
Rendering time
No analysis for lighting systems
Trouble joining elements

Reflections

Trane TRACE
Import issues from Revit
Discrepancies in results
Need to carefully examine all parameters
Navisworks
Difficult to 4-D model with structure in central file
as opposed to a linked separate file
Discrepancies in origins of imported files
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...IPD

Challenges & Solutions

Interdisciplinary arguments
-> Reason with team the best alternative for building
Meeting time difficult to coordinate
- Coordinating schedules and effective communication
while working separately
Presenting as individuals instead of team
-> Integrate concepts and ideas in presentations

Reflections




Final Thoughts

Reflections

At the end of the semester, our group agrees that the
IPD/BIM process is labor intensive but has clear advantages
over other delivery methods.

We feel that many of the issues encountered throughout
the semester were one time learning mistakes. A second
time through would be much more seamless.

The BIM/IPD process offers a unique learning opportunity
and insight into all disciplines involved in the building
industry.



BIM/IPD

Context

Design

Coordination

Green
Performance

Questions...

Constructability

Reflections




Lateral System




ASHRAE Ventilation Requirements

10 CFM per person, 0.18 per SF
1t Floor: ~ 100 people, 12,000 SF = 3160 CFM ~ 4000 CFM AHU
2" Floor: ~100 people, 10,000 SF = 2800 CFM ~ 3000 CFM AHU

Actual Ventilation to Handle Cooling Load
75 DB, 50% RH assume desired space conditions

OA Design Condition
82DB/73.2DB
0.0155 b vapor/lb air

EA Design Conditon
79 DB
0.0106 Ib vapor/Ib air

After enthalpy wheel
79.45 DB
0.01134 Ibvapor/lbair

After cooling coil : 45 DB, ~100% RH, 0.0063 Ib vapor/Ib air

Ventilation per ASHRAE Standard, typ classroom = 250 CFM
Ventilation per calculation to meet latent load = 300 CFM

Rule of thumb applied to all spaces:
1.2 x ASHRAE standard will handle latent load

1.3 Factor would give us another LEED point for extra
ventilation, however it may not be worth the extra energy
costs.



Total Sensible Load for typ. infant classroom: 40,000 BTU/hr ABLEGSAAA  Base
; 1. line HVAC System
Total Sensible Load for typ. Preschool classroom: 51,000 BTU/hr Type DOGIOE L i

Fousll Fuel, Fossil Flectric
_Hbrid and Prchased Heat Eheciric and Othet

ysiems | P-M 5 2
Q_sen_SA=1.08 *Volume of SA*(Tsp-Tsa) J ) ; ! Moaresideatl and 3 Flooe o Lexs and <25,000 2 B ‘Zi.n..‘ .:1”..'.,
08 (300)*(75-45) y oht constructior N i Lo b e e i ek

=9720 BTU/hr for infant classroom : 7 sha ool nd Mor e e
=16,200 BTU/hr for preschool classroom

System T—VAV Syvtom VAV
with Hebest with PFP Boxes

o s sty Bt o s e o e, g g, 1 et iy uaron. Cobir

b sy e el e s el Ol g ot s

hasiing
~-fmu- e’ o T e

more details

Difference for infant classroom = 30,000 Btu/hr — B Bascline System Doscriptions
Difference for preschool classroom = 35,000 BTU/hr ctangul e FanComtrol ____ CodliogType  WeatingType

Constart volume  Direct expansion  Hiot-watee fomdl fuelboiler

Packaged torminal bestpamp  Constant volume Direct expasiscn Electric beat pummp

0 W per chilled beam x 3.412 Btu/h per watt = 5,500 BTU/hr per : g e et o— o

Tackaged rocftop heat pump Constan! vohme Ditext exgamion Flectric hest pump
chilled beam 3000 mm 5 Packamnd VA g ocfiop VAN with rebcat ’ Direct expamsion ot waser fosil fucl besler
=Roughly 6 Chilled Beam per classroom o :‘r“"*‘ A Puckaged roofop VAV with rebest ’ Direct expansion Dlectic resisunce
=50 cfm/chilled beam at infant ' 2 vav

B X Cooling capacity up to 1610 W with Rebaal
=83.33 Cfm/Chllled beam at preSChOOI Heating city up to 1730 W u_)_“n‘;'.‘}l'ﬁm NV with eelent Chilled water [ —

Packaged roofiop VAY with relseat w Chilld water hot-water fossil fuel botber
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Winter Solstice Shadow Range

Ecotect Shadow Analysis Summer Solstice Shadow Range







Prevailing Winds— Autodesk Ecotect Thermal Comfort — Autodesk Ecotect Lighting Analysis — Autodesk Ecotect
Average Wind Temperature Mean Radiant Temp Daylight Factor

State College- Penn State University Value Range: 5 — 40 degree Celcius Value Range: 0-100%

Date: 15t January — 315t December
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